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Doscriptlon 

The present invention relates to recombinant DNA sequences, vectors containing theni, and a ntethod for 
the use thereof. In particular, the present invention relates to recombinant DNA sequences which encode the 

5 complete amino acid sequence of a glutamine synthetase (GS) (L-glutamate : ammonia ligase [ADP«4brming]; 
EC 6.3.1^) and to the use of such nucleotide sequences. 

The abflity of cloned genes to function when introduced into host cell cultures has proved to be invaluable 
in studies of gene expression, it has also provided a means of obtaining large quantities of proteins which ars 
otherwise scarce or which are completely novel products of gene manipulation. It is advantageous to obtain 

10 such proteins from mammalian cells since such proteins are generally con^ctiy folded, appropriately modified 
and completely functional, often In maiked contrast to those proteins as expressed in bacterial cells. 

Where large amounts of product are required, it is necessary to identity cell clones In which the vectorsequ- 
ences are retained during cell proliferation. Such stable vector maintenance can be achieved efther by use of 
a viral replicon or as a consequence of Integration of the vector Into the host cell's DMA. 

15 Whers the vector has been Integrated Into the host cell's DMA, the copy number of the vector DNA, and 
concomitantly the amount of product which oould be expressed, can be increased by selecting fbr cell lines in 
which the vector sequences have been amplified after integration into the host cell's DNA. 

A known method for carrying out such a selection procedure Is to transfonm a host cell with a vector com- 
prising a DI^ sequence which encodes an enzyme which is inhibited by a known dmg. The vector may also 

20 comprise a DNA sequence which encodes a desired protein. Alternatively the host cell may be co-fransfonmd 
with a second vector which comprises the DNA sequence which encodes the desired protein. 

The transformed or co-transformed host cells are then cultured in increasing concentrations of the known 
dnig thereby selecting dmg-resistant cells. It has been found that one common mechanism leading to the 
appearance of mutant cells which can survive in the increased concentrations of the otherwise toxic drug is 

25 the overproductton of the en^me which is inhibited by the drug. This most commonly results firom increased 
levels of its particular mRNA, which in turn isfirequently caused by ampllfteatlon of vector DNA and hence gene 
copies. 

It has also been found that, where drug resistance is caused by an increase In copy number of the vector 
DNA encoding the inhibitable enzyme, there is a concomitant Increase bi the copy number of the vector DNA 
so encoding the desired protein In the host ceirs DNA. There Is thus an Increased level of production of the desired 
protein. 

The most commonly used system for such co-ampllfication uses as the enzyme which can be Inhibited 
dihydrofdate reductase (DHFR). This can be Inhibited by the drug methotrexate (MT)Q. To achieve co-ampli- 
fication, a host cell which lacks an active gene which encodes DHFR is either transfonned with a vector which 
35 comprises DNA sequences encoding DHFR and a desired protein or oo-transfonfned with a vector comprising 
a DNA sequence encoding DHFR and a vector comprising a DNA sequence encoding the desired protein. The 
transformed or co-transformed host cells are cultured in media conteining increasing levels of MTX, and those 
cell lines which survive are selected. 

Other systems for producing co-an^iificatlon have been employed. However, none of them has been as 
40 widely used as the DHFR/MTX system. 

The co-amplification systems which are at present available suffer from a number of disadvanteges. For 
instance, It is generally necessary to use a host cell which lacks an active gene encoding the enzyme which 
can be Inhibited. This tends to linrdt the number of cell lines which can be used with any particular co-amplifi- 
cation system. For ^stance, titers is at present only one ceil tine known which lacks the gene encoding DHFR. 
46 It would be advantegeous if an effective oMmplifk:ation system based on a dominant selectable marlcer which 
was applicable to a wide variety of cell lines could be provided. This would altow exploitatton of ttie difliersnt 
processing and growtii characteristics of a variety of ceil lines. 

Attempte to use DHFR genes as dominant selectable maricere in c^er ceD lines has not proved entirely 
satisfactc^. For instance, a MTX-resistent mutant DHFR or a DHFR gene under ttie control of a veiy strong 
so promoter can act as a dominant selectet)Ie maricer in certain ceD types but such high concentrations of MTX 
are required that ft has not been possible to achieve very high copy numbera by selection for gene amplificatton. 

Co-transformante witii an additional selectable marker also have disadvantages. For instance, title can 
increase the com^^exlty of friasnM construction and requires additional tinrte-consuming screening of transfor- 
med cells to distinguish titose don^ in vMch tite DHFR gene Is active. 
55 A further disadvantage of the known oo^amplification systems is tiiat the DNA ^quence encoding the 
inhibitable ena^me is generally not under post-lransiational control The enzyme in tite amplified system is 
ttterefbre produced In large quantities, togettierwitti tiie desired protein. This could lead to lower levels of pro- 
duction of ttie desired protein. 
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Another disadvantage of known co-antplificalfon systems is that reslstence to the known dnig can arise 
from mechanisms other than amplification. For instance, In the DHFR/MTX system, It Is possible for a mutant 
DHFR gene to arise whteh produces a mutant DHFR which has a lower binding affinity for MTX than does wfld- 
type DHFR. If such mutant DHFR arises, cells containing the gene which encodes it wDI be more resistant to 
MTX than the original host cell and will therefore be selected, even though no amplfficatton has taken place. 
It is possible to select further to elimlnato lines in which no amplification has taken place, but this is a time con- 
suming process. 

Afurther disadvantage of previous selection systemsfor gene amplification is thattoxte drugs are required. 
In particular MTX is a potential carcinogen. 

An addlttonal disadvantage of previous amplification systems is the need for repeated, time-consimiing 
rounds of amplification, for example three or more, to obtain maximum copy number. 

It Is an object of the present inventton to overcome atleast In part the disadvantages of the prior art systems 
forco-amplificatk)n. 

According to a first aspect of the present Invention there is provided a method for co-ampiaying a reconv 
binant Dl^ sequence which encodes the complete amino acid sequence of a desired protein other than a 
glutamine synthetase (GS), which method comprises : 

(a) providing a vector capable. In a transfbnnant host cell, of e)q)re8sing both a recombinant DNA sequence 
which encodes an active GS enzyme and the recombinant Dl^ sequence which encodes the complete 
amino acid sequence of the desired protein other than GS ; 

(b) providing a eukaryotic host cell whteh Is a glutamine pratotroph : 

(c) transfonnlng sakl host cell with said vector ; and 

(d) culhjring sakl host cell under conditions which altow transformante containing an amplified number of 
copies of the vector^rived GS-encodIng recombinant DNA sequence to be selected, which transfor- 
mante also contain an amplified number of copies of the desired protein-encoding DNA sequence. 

According to a second aspect of the present invention, there Is provided a method for co^mplitying a 
recombinant DNA sequence which encodes the complete amino add sequence of a desired protein other than 
a GS, which method comprises : 

(a) provkling a first vector capable, in a transfbrmant host ceO. of expressing a recombinant DNA sequence 
which encodes an active GS enzyme ; 

(b) providing a second vector capable, in a transformant host cell, of expressing the recon*hant DNA sequ- 
ence which encodes the complete amino acid sequence of the desired protein other than GS ; 

(c) providing a eukaryotic host cell which Is a glutamine prototroph ; 

(d) transfonning saki host ceil with both said fffst and said second vectore ; and 

(e) culturing said host cell under conditions whldi allow transfwmante oonteining an amplified number of 
copies of the vector-derived GS-encoding recombinant Dl^ sequence to be selected, which transfor- 
mante also contain an amplified number of copies of the desired protein-ericoding DNA sequence. 

Acconling to a third aspect of the present invention, there is provided a method for using a vector as a domi- 
nant selectable maricer in a ootransfommtion process whteh comprises : 

(a) providing a vector capable, in a transfonnant host cell, of expressing a recombinant DNA sequence 
which encodes an active GS enzyme and a recombinant DNA sequence which encodes the comptete 
amino add sequence of a desired protein other than GS ; 

(b) prodding a eukaryotic host ceQ which is a glutamine prototroph ; 

(c) transfomdng the host ceQwOh the vector; and 

(d) selecting transfbrmant ceils which are resistant to GS tnhlbitore. 

whereby transfonnant ceDs are selected in whteh the vector-derived 6S-enooding sequence serves as 
a dominant selectable and co-ampliflable maricer. 
Acoordfaig to a fourth aspect of the present invention, there Is provUed a method fiv using a vector as a 
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dominant selectable marker in a ootransfonnation process which comprises : 



providing a vector capable, in a transfbmiant host cell, of expressing a recombinant DMA sequence 
which encodes an active 6S enzyme ; 

providing a second vector capable, In a transfbnmant host cell, of expressing a recombinant DMA sequ- 
ence which encodes the complete amino acid sequence of a desired protein other than GS ; 
providing a eukaryotic host which is a glutamine prototroph ; 
transforming said host cell with both said first and second vectors ; and 
selecting transfbrmant cells which are resistant to GS inhibitors, 

whereby transfbmnant cells are selected tn which the vector-derived GS-enooding sequence serves as 
a dominant selectable co-amplifiabte maricer. 
According to a fifth aspect of the present invention, there is provided a recombinant DMA vector comprising: 



a recombinant DNA sequence which encodes the complete amino add sequence of a GS ; and 
a recombinant DNA sequence which encodes the complete amino add sequence of a desired protein 
other than said GS, 

the vector being capable, in a transfomnant host cell, of expressing both said recombinant DNA sequ- 
ences (a) and (b). 

Typically, in each aspect of the Invention, the GS-encoding recombinant DNA sequence encodes an 
eukaryotic, preferably mammalian, GS. Conveniently, the GS-enooding recombinant DNA sequence encodes 
25 a rodent, such as mouse, rat or especially hamster, GS. 

Preferably, the GS-encoding recombinant DNA has the sequence of the amino acid coding portion of the 
sequence shown in Rgure 2, and most preferably comprises the whole reccxnbinant DNA sequence shown In 
Figure 2. 

Glutamine synthetase (GS) Is a universal housekeeping enzyme responsible for the synthesis of glutamine 
90 from glutamate and amnrwnia using the hydrolysis of ATP to ADP and phosphate to drive the reaction. It Is invol- 
ved in the Integration of nitrogen metabd^m with energy metebolism via the TCA cyde, glutamine being the 
major respiratory fuel for a wide variety, possible the majority, of cell types. 

GS is found at a low level (0.01%-0.1% of sduble protein) In most higher vertebrate cells and is found at 
higher levels ( > 1% of total protein) In certein spedallsed cell types such as hepatocytes, adipocytes and glial 
35 cells. 

A variety of regulatory signals affect GS levels within cells, for instence glucoooftlcoid steroids and cAMP, 
and glutemine in a culture medium appeare to regulate GS levels post-translatlonally via ADP ribosylation. 

GS from all sources Is subject to inhibition by a variety of InhibitorB, fof example methionine sulphoximine 
(Msx). This compound appears to act as a transition stete analogue of the catalytic process. Extensively 
40 amplified GS genes have been obteined (Wilson R.H., Heredity, 49. 181, 1982 ; and Young A.P. and Ringoid 
G.M., J. Bid. Chem., 258, 11280- 11266, 1983) in variante of certain mammalian cell lines selected for Msx 
resistance. Recently Sanders and Wison (Sanders P.G. and Wilson R.H., The EMBO Journal, 3, 1, 65-71, 
1984) have described the doning of an 8^ kb Bglll fragment containing DNA coding for GS from 5ie genome 
of an Msx reslstent Chinese hamster ovary (CHO) cell line KGIMS. However, this firagment does not appear 
45 to contein a complete GS gene and It was not sequenced. 

Conveniently, the GS-encoding recombinant DNA sequence is (^NA, preferably derived by reverse tran- 
scription. However, the (sS-encoding recombinant DNA sequence may alternatively or additionally comprise 
a fragment of genomic DNA. 

Preferably, the vector Is an expression vector capable. In a transformant host ceD, of expressing both the ^ 
90 GS-encoding recombinant DNA sequence and the desired protein-encoding recombinant DNA sequence. 

Preferably, the GS-enooding recombinant DNA sequence Is under the control of a regulatable promoter, 
swh as a heat shock or a mefallothionein promoter. ^ 

The present invention also provkies a host oeD transformed wHh a vector according to the fburth aspect of 
the Invention. 

55 There are a number of advanteges to the methods of the present inventton In co-amplificatlon of non-selec- 
ted genes. 

An advantege Is that the GS gene Is regulateble. for Instance by addition of glutamine to the medium. It is 
therefore possible to amplify the GS gene and the non-edected gene, and then down-regulate the GS gene. 
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The host cell wOl then accumulate much smaller quantities of active GS whQe stni producing desirably large 
quantities of the required product This also has the advantage of increasing the stabBlty of the cell line, since 
there will be less selection piBSSure which could otherwise lead to instability in maintenance of amplifled sequ- 
ences In the cell line tf the inhibitor removed. 

6 . It has been surprisingly and unexpectedly shown that GS expression vectors can also be used as effective 
selectable markers in cell lines which contain an active endogenous GS gene by conferring resistance to certain 
levels of Max at which ttie frequencies of resistance caused by endogeneous gene amplification Is minbnal. It 
has been shown ttiat such vectors can be amplified by increasing the concentration of Max in the ceil lines so 
tiiat high copy numbere are achieved. These copy numbere are h^her than achieved using previous ampllR- 

10 cation systems such as DHFRMTX and are achieved in only two rounds of amplification. The possibility of 
attaining very high copy numbere Is advantageous in ensuring tfiat high levels of mRNA encoding the desired 
protein are obtained. 

it is believed, although the Applicants do not wish to be limited by tills ttieory, ttiat the effectiveness erf GS 
as an amplifiable selectable marker Is a consequence of ttie relative expression levels of endogeneous- and 

IS vector-derived GS genes. Selection for gene amplrffcation using Msx leads almost exclusively to the Isolation 
of dones in which the vector-derived OS gene has been amplified in preference to the endogeneous gene. 
When using host oelis containing an endogeneous active GS gene, it Is possible to facilitate selection by reduc- 
ing or abolishing endogeneous GS activfty, for instance by treatment of tiie ceil line witii dibutyryt-cAMP and 
ttieophyillne. A cell line which is susceptible to such reduction or aboliHon Is ttie 3T3-L1 cell line. 

20 The desired protein whose recombinant DHA sequence is co-amplified may be, for Instance, tissue plas- 
minogen activator (ti^'A), aitiiough ttiis technique can be used to oo-amplify recombinant DNA sequences which 
encode any ottier protein, such as bnmunogiobulln polypeptides (Igs), human growtti homnone (hGH) or tissue 
inhibitor of metalioproielnases (TIMP). 

Preferably, ttie amplification is achieved by selection for resistance to progressively increased levels of a 

25 GS Inhibitor, most preferably phosphinottiricin or Msx. 

A fiirttier advantage of the present co-ampliflcation procedure is ttiat Msx Is a cheaply available product 
of high sotubllHy. It can therafbre readily be used at high concentrations to enable selection of lines containing 
highly amplified sequences. 

Moreover, ttie effect of Msx can be potentiated by ttie add-on to ttie selection medium of mettiionine. It Is 

30 ttierefbre prefenred ttiat In the present co-amplification procedure, selection is carried out in a medium contain- 
ing mettiionine at higher ttian usual levels. SimOariy, ttie effect of Msx can be potentiated by lower levels ttian 
usual of glutamate. 

If the GS-encodlng recombinant DNA sequence in tiie vector used for co-amplification is under tiie control 
of a regulatable promoter, it is preferable for expression of the GS sequence to be switched on during selection 
35 and amplification and subsequentiy down-regulated. 

In some cases, alter co-amplification, tiie selected cell line may be dependent to some extent on the GS 
inhibitor used in ttie selection procedure. If ttiis Is ttie case, ttie amount of GS inhibitor required may be reduced 
by adding glutamlne to ttie culture medium whereby GS activity Is {x>st-translationally suppressed. 

The host cells which are used In tiie mettiods of ttie present invention contain an active GS gene. For tiie 
40 reasons set outabove, it has been found ttiat selection can still be achieved even where an active endogeneoue 
gene is present The advantages of using the vector of ttie present invention In oo-amplification procedures 
are also shown In the use of the vectore as selectable markers. 

It is preferred ttiat the host cells used for ttie co-ampliflcation procedures or selection procedures of the 
present invention are mammalian, most preferably hamster, ceils. Chinese hamster ovary (CHO)-KI cells or 
45 derivatives tttereof are parficulariy suitable. 

It is ttierefore believed ttiat ttie use of recombinant Dl^ sequences encoding GS, for instance in vectore 
for co-amplification or selection, will lead to highly flexible and advantageous systems which will be surprisingly 
superior to other eimflar systems, for Instance based on DHFR/MTX. 

The present invention is now described, byway of example only, with reference to the accompanying draw> 
50 Ings, in which : 

Figure 1 shows restriction maps of ttie GS specific d)NA inserts in pOSC45, Xgs 1.1 and Xgs 5.21 dones, 
in which it can be seen from ttie anows ttiat ttie nucleotide sequence of ttie coding region of GS was pre- 
dominantiy obtained from M13 subclones of Xgs 1.1 and various regions confirmed using subclones of Xgs 
521andpGSC45; 

55 Figure 2 shows ttie d)NA (a :) and predicted amino add (b :) sequences for ttie Chinese hamster GS gene, 
togettier witti ttie published peptide sequences (c :) and peptide designations (d :) of bovine brain GS. The 
sequence (e :) Indicates the pdyadenylation site used in Xgs 1.1. Amino add residuea are indicated as 
ttie&'elngle letter codes ; rwn-homdogous bovine residues are bidlcated in lower cam lettere. Ttie 'A' below 
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base 7 represents the start of the pGSC45 Insert and the ' — ' marker represents the priming sequence in 
Xgs 1.1 complementary to residues 1 1 35-1 132. The and '< ' symbols represent bases involved in stems 
of the calculated structure for the 5' untranslated region ; 

Figure 3 shows the structure of three 6S expression plasmids in which a) shows piasmid pSVLGS.1 (8.5 

5 kb) containing a 4.75 kb GS minigene under the control of the late region promoter of SV40 (L) doned In 
the t>acterial vector pCT54. The GS sequences Include the complete coding sequence, a single Intron and 
approximately 2 kb of 3'-f!anking DNA spanning both of the presumed sites of polyadenylation, (b) shows 
piasmid pSVZGS (5^ kb) containing 1 .2 Icb of GS cDNA under the control of the early region promoter of 
SV40 (E), the intron from the t-antigen gene of SV40 and a sequence containing the early region polyadeny- 

10 lation signal of SV40, and (c) shows piasmid pZIPGS (1Z25 kb) containing the Hindiil-BamHI firagment 
from pSV2.GS (containing the GS coding sequence and SV4Q intron and polyadenylation signal) cloned 
in the retroviral vector pZIP Neo SVpC) In which hatched blocks Indicate irrelevant mouse DNA sequences, 
5' and 3' LTRs are the long terminal repeats of Moloney Murine Leulaemla VInis (MMLV). the fnied block 
represents an SV40 fragment spanning the origin of replication oriented such that the SV40 early region 

15 promoter directs the expression of the gene from a transposon which confers resistance to G418 In mam- 
malian cells (neo) and unmarked blocks contain additional DNA sequences firom MMLV ; 
Figure 4 shows Southern blots of cell lines transfected with pSVLGS.1 (Panel A) or pSVZGS (Panel B). 
The blot Is probed with an RNA probe specific for SV40 origin-region Dl^ Panel A represents a 2 hour 
exposure. Each lane contains 2.5 \ig genomic DNA finom the following cell lines. L^nes 1 to 3 contain DNA 

20 from initial bBnsfectants : lane 1 , SVLGS2 ; lane 2, SVLGS5 ; lane 3, SVLGS9. L^nes 4 to 6 contain DNA 
from cell lines obtained after a single round of selection for gene amplification with Msx : lane 4 SVLGS2 
(500 |iMR) ; lane 5, SVLGS5 (250 pMR) ; lane 6, SVLGS9 (500 |iMR). Lane 7 contains DNA from a cell 
line subjected to 2 rounds of selection for gene amplification, SVLGS5 (2mMR). Panel B is an exposure 
of approximately two weeks. Each of lanes 1 to 6 contain 5 ^g of genomic DNA and lane 7 contains 2.5 

25 pg. Lanes 1 to 3 contain DNA from initial transfectant cell lines : lane 1, SV2.GS20 ; lane 2, SV2.GS25 ; 
lane 3, SV2.GS30. Lanes 4 to 6 represent cell lines after one round of selection In higher concentrations 
of Msx : lane 4, SV2.GS20 (1 00 ^MR) ; lanes SV2.GS25 (500 |iMR) ; lane 6, SV2.GS30 (500 |iMR). Lane 
7 represents a cell line obtained after two rounds of selection In Msx, SV2.GS30 (lOmMR)* 
Figure 5 shows a primer extension analysis of RNA derived from ceil lines transfected with pSVLGS.1 . A 

30 DNA oligonucleotide which binds to RNA at the presumed translatk>n "^tart" was used to synthesise DNA 
from total RNA preparafions. RNA preparations shown are : lane 1, SVLGS2 ; lane 2, SVLGS5 ; lane 3 a 
derivative of CH0-K1 resistant to 30 iiM Msx (to indicate the extension from wild4ype GS mRNA) ; MW, 
pAT153 digested with Hpall molecular weight martcers. 

In the nudeotkle and amino acid sequences shown in the accompanying dra^ngs and In the description, 
35 the following abbreviations are used as appropriate. U = t^dine ; G » guanostne ; T » thymidine ; A = adeno- 
sine ; C « ^tosine ; *** « a termination oodon ; — denotes an unknown nudeotkle residue ; A « alanine ; C » 
cysteine ; D » aspartic add ; E » glutantic add ; F phenylalanine ; G = glydne ; H » histidine ; I » Isoleudne; 
K = lysine ; L = leucine ; M = methionine ; N = asparagine ; P = proltne ; G » glutamlne ; R = argbilne ; S » 
serine ; T = threonine ; V = valine : W = tryptophan ; Y = tyrosine ; X = an unknown amino acid ; PBS = phos- 
40 phate buffered saline ; SDS = sodium dodecyl sulphate ; and EDTA = ethylene diamine tetraacetic acid. 

Example 

Uslr^ a mtdtMep selection procedure in a glutamlne-firee medium, a mutant line was derived from the chin- 
45 ese hamster ovary (CHO) KG1 cell line (itself a derivative from the CH0-K1 line d)tained as CCL 61 from the 
American Type Culture Cdiectlon, Rockvlle, MD, USA). The mutant oeD line, labelled CH0-KG1 MS, is resistant 
to 5mM Msx. (The parental cell line KG1 Is only resistant to 3 |iM Msx). 

A subdone, KG1MSC4-M, of the mutant cell line was used as a source of celiular DNA. Cells fom the sub- 
done were washed in PBS after trypsinizatlon and pelleted at2000r.p.m.fDr4rrdn. The pellet waeresuspended 
so in 100 mM Tris-HCU, pH 7.5, 10 mM EDTA and iysed by the addltton of SDS to 2%. RNase A was added to 
50 (ig/ml and the sdution incubated at 37"^ for 30 min. Protease K was added to 50 \igtrr\ and incubation con- 
tinued at 37^C for from 30 mm to 1 hr. The solution was phend extracted twice fdlowed by two chloroform : 
isoamyl alcohol ^4 : 1) extractions. The DNA was predpitated with Isopropand and then resuspended In 2 
mM EDTA, 20 mM Tris-HCI . pH 7JS and stored at 4«C. 
55 Genomic DNAs from parentel KG1, mutants KG1MS and KG1MSC4-M, and revertant KG1MSC4-0 cells 
were digested with a variety of r^triction endonudeases, subjected to agarose gel eledrophoresis and South- 
ern blotted onto nitrocellulose fnters. These blots were probed with digo ((fT)-prfaned cDNA made from parental 
KG1 arKi mutant KG1MSC-4M poly(A) ntRNAs. When wOd-fype KG1 cDNA was used as a probe, a mries of 
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identical bands was seen across tracks from all cell lines. When KG1MSC4-^ mutant cDNA was used as a 
probe, the same common bands were seen across all tracte together with unique bands specific to mutant 
KG1MS and KG1MSC4-M genomic DMA. The bands common to all genomic DMAs were shown to be due to 
mitochondrial (mt) DMA. as detenmlned by restriction enzyme analysis of nrtfDNA purified fifom KG1 cells. The 

5 smallest DNA fragment Identified which could contain the whole of the presumptive coding sequence for GS 
is an 8.2-kb Bglli fragment On double digestions with PstI and Bglll, the two PstI fragments (2.1 kb and 2.4 
kb) are seen to remain Intact, indicating ^at both PstI fragments are contained within the BGIII fragment 

30 |ig of KG1MSC4-M DNA was digested to completion with Bglll and the fragments separated by 
electrophoiBSls on an 0.8% agarose gel. The amplified 8.2 kb band was Identified using ethldium bromide staln- 

10 Ing and long wave ultra violet radiation by comparison with XHIndlll and mtPstI digests. The DNA band was 
eluted Into a well cut Into the gel and purified by phenol extractton, chlorofomn extraction and ethanol precipi- 
tation using carrier tRNA. Purified DNA was ilgated with BamHI-digested, bacterial alkaline phosphatase-trea- 
ted pUC9 (Vieira, J. and Messing, J., Gene. 19, 259-288, 1982). Recombinant DNA was used to transfonn E. 
Colito amplcillbi resistance and white colonies on Xgal picked for analysis. 

IS 150 recombinant clones were obtained and DNA analysis of 11 of these showed that they all had DUA 
inserts of about 8.0 kb. Differential colony hybridization and DNA spot hybridizations Mentified two recombinant 
clones which gave strong hybridizatton with a mutant KG1MSC4-M cDNA probe but no signal with a parental 
KG1 cDNA probe. Both recombinants pGSI and pGS2 produced the PstI restriction pattern expected from 
Insertton of the required Bglll restriction fragment pGSI DNA was used to hybrid select GS mRNA firom total 

20 cytoplasmic and poly(A) KG1MSC4-M RNA The selected mRNA was translated together with KG1 and 
KG1MSC4-M total cytoplasmic RNA and pS] methtonlne-labelled polypeptkles separated by SDS-PAGE. The 
major translation product of pGSI selected mRNA is a polypeptide of 42 kD MW which oo-migrates with an 
amplified polypeptide In KG1MSC4-M translations. pGS1 therefore contains genomic CHO DNA which contains 
at least part of the GS gene. This part of the woric was carried out as desoibed by Sanders and Wilson (loc. 

25 cit). 

A 3.5 kb HIndill fragment containing the 3' end of the GS gene from KG1MSC4-M was subdoned from 
pGSI Into pUC9 to fbmi plasmid pGS113. A clone bank was prepared by cloning a 8au3A partial digest of 
KG1MSC4-M Into the BamHI site of XL47. Recombinants were selected for hybridisatbn to pGSI. A BamHI- 
EooRI fragment from a selected U.47 reccnnblnant was subdoned Into pUC9 to form plasmid pGS2335 (Hay- 

30 ward et al., Nuc. Add Res., 14, 999-1008, 1986). 

cDNA libraries were made from KG1 MSC4-M mRhJA bi pBR322 and ^t1 0 using standard procedures. The 
mRf^ was converted to cDNA using ollgo-dT prinrwd reverse transcriptase, and dsDNA made by the RNase 
H procedure (^bler, U. and Hoffmann, V., Gene, 25, 263-269, 1983). The dsDNA was either tailed with C resi- 
dues (Michelson, A.IVI. and Ortdn, S.H-, J. Bid. Chem., 257, 14773-14782, 1982), annealed to G4ailed pBR322 

35 and trensfbnned into E. odi DH1 , or methylated and Ilgated to EcoRI linkers. Unkered DNA was digested with 
EcoRI and the linkera removed by Sephadex G75 chromatography in TNES (0.14 M NaCI, 0.01 M Tris, pH 7.6, 
0.001 M EDTA, 0.1% SDS). Unkered DNA in the exduded volume was recovered by ethand precipitation and 
annealed to EcoRi-cut gtIO DNA. Fdlowing in vitro packaging, recombinant phage was plated on the high fiB- 
quency lysogeny strain E. cdl Hfl (Huyhn, T.V., Young RA and Davis, R.W., in 'DNA donlng technk^ues II : 

40 A pradteal approach (Ed. (^over, D.M.), LR.L Press Oxford, 1985). About 5000 ootonles and 20000 plaques 
were screened on nitrocellulose filters using nick-translated probes derived from pUC subdones of GS genomk: 
sequences. A 1 kb EcoRI-Bglll fragment from pGS2335 vras used as a 5' probe, and the entire 3.5 kb Hindlll 
figment of pGS1 1 3 was used as a 3' probe. Plasmlds from positive cotonles were analysed by restrictton diges- 
tion of small-«cale preparations of DNA and the longed done (pGSC45) selected for further analysis. 

45 Positive X dones were plaque purified, grown up in 5000 tvH of E.odl C600 llquM culture, and the phage 
purified on C^a step gradients. DNA was prepared by fcnmamide extraction (Davis, R.W.. Bostein. D. and Roth, 
S.R., Advanced Bacterial Genetics, Cdd Spring Harbor, 1980). Oones with the longest inserts were Mentified 
by EooRI digestion and Inserts subdoned Into pAT1S3 and M13mp11 ph^e for further analysis and sequenc- 
ing. 

so The cdonies or plaques were screened firet with a probe derived from the 5* end of the GS gene. Positive 
odonles or plaques from this analysis were picked and rescreened vrith a longer probe covering rnoai of the 
3' end of the gene. In this way it was anttelpated that dones with long or possibly full length Inserts would be 
sdected and the tedious rescreening for S' ends would be avoMed. Several plasmid dones and XgtIO recom- 
binants were derived by this means. Further analysis of one of the plaamk! dones (pOSC45) tyy restriction 

55 enzyme digestk)n and partial sequendng revealed that It had an insert of about 2.8 kb and a polyA sequence 
at the 3' end. Nc^em blots indteate that a major mRNA for GS is about this size (Sandera and WDson, Qoc 
dt)), so the Insert In pGSC45 was potentially a full length copy of this mRNA. The two dones (Xgs 1 .1 and Xgs 
5.21) had Inserts of 1450 bp and 1 170 bp respei^vely. Restrtetton maps and alignment of the cDNA Inserts in 
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pGSC45, Xgs 1 .1 and Xgs 5.21 are shown In Figure 1 . It Is clear that the Inserts In the X clones aie considerably 
shorter at the 3' end than the plasmid done and represent cDNA copies of one of the minor mRNAs. The 
Insert In Xgs.1.1 extends some 200 base pairs at the 5' end. 

The nucleotide sequence of the mRNA coding for glutamlne synthetase was obtained finom M13 subclones 

5 of pGSC45 and EcoRI subclones of Xgs 1 .1 and Xgs 5.21 and Is shown In Rgure 2. Some confirmatory sequ- 
ence was also obtained from the genonyc done pGSI . Primer extension of OS mRNA with an oligonudeotide 
complementary to nudeotides 147-166 gave a major extension product of 166 nudeotides. This shows that * 
pGSC45 only lacks six or seven nudeotides from the 5' end of the mRNA. Nudeotide sequencing of the primer 
extended product by Maxam-GBbert sequencing confimied this although the first two bases could not be deter- 

10 mined. * 
Sequences at the 5' end of Xgs 1 .1 , which is scMne 200 bases longer at the 5' end than pGSC45. showed 
considerable inverted homology to sequences at the 3' end of this done (which was about 150 bases shorter 
at the 3' end than Xgs 5^21. (see Fig. 1). These additional sequences are probably doning artefacts, arising 
during second strand synthesis due to nudeotides 6 to 1 priming DNA synthesis via their complementarity to 

15 nucelotldes 1132-1 137 despite the fact that the RNase H procedure was used, it cannot be exduded that the 
duplication arises from transcription of a modified GS gene, produdng a nK>dlfied mRNA which has been sub- 
sequently doned, although the primer extension results did notsuggest that there was any major mRNA spades 
with a 5' end longer than 166 nucleotides. 

The predicted amino add sequence for CHO glutamlne synthetase Is shown in Rgure 2. The NH2 terminus 

20 was identified by homology with the NHatennlnal peptide found in bovine brain glutamlne synthetase (Johnson. 
R.J. and Plskiewicz, D., Biochem. Biophys. Acta. 827. 439-446. 1985). The Initiating AUG follows a precfee 
CCACC upstream consensus sequence found for true Initiation codons and is fdlowed by a purine (i.e. CCAO 
CATGG). (Another AUG codon at position 14 is not In a favourable context by the same criteria and is fdlowed 
by a temfiination codon in finame 21 nudeotides downstrsam.) The predicted amino add composition of the GS 

25 protein gives a mdecular weight of 41 .964 (not allowing for N-terminal acetylation or other post-4ranslationai 
modifications}, in agreement with other estimates. The basic nature of the protein is reflected In the excess of 
ai^inine, histidine and lysine residues over those of aspartate and glutamate. 

The predicted amino add sequence shows excellent homology with bovine and other GS derived peptide 
sequences obtained by peptide sequendng, indicative of an accurate DNA sequence. (The amino add sequ- 

30 ence allows the ordering of all the cyanogen bromide peptides and most of ttie tryptic peptides published for 
bovine GS). 

The CHO sequence also shows some homology with the GS sequence from the cyanobacterium 
Anabaena, notably at residues 317-325. (NRSASIRIP), which are an exact match to Anabaena residues 342- 
350. In addition, related sequences can be found in giutantfne synttietases isdated from plants. 

35 Access to complete cDNA dones and genomic dones for Chinese hamster GS has not only allowed the 
amino add sequence of glutamlne synthetase to be predicted, but also allows a detaQed analysis of the position 
of ttie introns within the gene and their relationship to the exons coding for tiie structural domains of the protein. 

A GS minigene was constructed from a cDNA sequence (spanning ttie majority of the protein ooding region) 
and a genon^c sequence (which recreates the 3' end of the coding sequence). The 3.4 Kb EcoRI-SstI fragment 

40 of pGSI encodes a single Intron, all of the 3' untranslated region of both mRNA spedes Identified and contains 
about 2 id) of 3' flanking DNA. This DNA fragment was doned between the EcoRi and BamHI sites of pCT54 
(Emtage et al^ PNAS-USA, 80, 3671-3675, 1983) to create pCTGS. The 0.8 kb EcoRI fragment of Xgs 1 .1 was 
tften Inserted at the EcoRI site of pCTOS in the correct orientation to recreate ttie 5' end of ttie gene. The late 
promoter of SV40 was doned upstream by inserting the 342 bp Pvull — Hindlll fragment of SV40, containing 

45 ttie origin of repDcation, at ttie Hindlll site of ttie above plasmid In ttie appropriate (Mientation to produce plasmM 
pSVLGS-1 whfeh is shown in Figure 3(a). 

An alternative GS expresdon constnict was made by pladng cDNAcontaiiting all of the GS ooding sequ- 
ences between sequences flrom SV40 which direct effldent expression in mammalian cells. The 1^ kb Nael- 
Pvuli fragment of Wigs 1.1 was doned In place of dhfr sequences In pSV2.dhfr, (Subramanl, S., Mulligan, R. 

60 and Berg, P., Mol. CelL Bid., 1 , 854^, 1 981) between ttie Hindlll and Bglll sites to form pSW.GS which is 
shown in Figure 3(b). 

In order to place GS coding sequences under ttie control of ttie Mdon^ murine leukaemia virus (MMLV) » 
LTR promoter, ttie Hindll — BamHI fragment torn pSV2.GS (see Rgure 3b) was introduced at the BamHI site 
of pZIP-NeopSV(X) (Cepko, C.L, Roberts, B.E. and Mulligan. R.C., CeO, 37, 1053-1062, 1984). 
65 The 3.0 kb Hindlll — BamHI firagment of ptPA 3.16 (Stephens, P.E., Bendig, M.M. and Hentschel, C.C., 
manuscript In preparatton) contains a cDNA ooding fdr tissue plasminogen activator, downstream of whidi is 
tiie SV40 small t-intron and ttie poiyadenylation signal from ttie earty re^on tran^pt of SV40. This fragment 
was doned in a 3^y ligation with ttie 342 bp SV40 Pvull— Hindlll fragment into ttie BamHI site of pSVLGS.1 
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so that the tPA gene was under tfie control of the SV40 eariy promoter. This generated two fdasmids. 
pSVLGStPAie, in which the GS and tPA transcription unite are In tandem, and pSVLGStPA17, in ¥ifhich the 
two genes are in opposite orientations. 

CH0-K1 ceBs. obtained ftom A7€C, were grown in Glasgow modified Eagle's medium (GMEM) wtthout 

B glutamlne and supplemented with 10% dialled foetal calf serum (GIBCO), 1 mM sodium pyruvate, non-essen- 
tial amino acids (alanine, aspartate, glycine and serine at 100 |iM, asparagine, glutamate and proline at 500 
yMi and nucleosides (adenosine, guanoslne. cytidine and uridine at 30 |iM and thymidine at 10 For selec- 
tion, L-methionine sulphoximine (Msx from Sigma) was added at appropriate concentrations. Approximately 3 
X 10» cells per 100 mm petri dish were transfected ^th ^0\^Q circular plasmid DNA according to the calcium 

10 phosphate co-predpitation procedure (Graham, F.L and van der Eb, A.J.. Virology. 52, 45ft467, 1983). Cells 
were subjected to a glycerol shodc (15% glycerol In serum-firee culture medium for 2 minutes) 4 houre after 
trensfecUon (Frost, E. and Winiams, X. Virology, 01, 39-50, 1978). One day later, transfected cells were fed 
with fresh selective medium and cdonies of surviving cells were vfeible within 2-3 weeks. 

tPA acUvlty in cell culhire supemalants was measured using a fibrin-agarose plate assay using a tPA stanr 

16 dard (Blopool) for comparison. Attached cells were typically washed in serunv-free medium and incubated for 
18-20 houre in serum-firee medium at 37*C. After removal of medium samples for assay, the cells were tryp- 
sinised and viable ceUs counted. Resulte were then expressed as unite of tPA/106ce]ls/24 hours. Colonies of 
cells in petri dishes were assayed for tPA production by overiaylng directly with a fibrin agarose gel. 

In the glutemine-firee medium used in these experiments, the specific GS inhibitor, Msx, is toxic to CH0-K1 

20 ceils at concentrations above 3 iiM. To test whether the GS expression plasmids could synthesise functional 
GS in vivo, each plasmid was Introduced into CHO-K1 cells by calcium phosphate — mediated transfection 
and tested for the ability to confer reslstence to higher concentrations of Msx. 

Resistance to Msx can, however, also arise by amplification of the endogenous GS genes (or perhaps by 
other unknown mechanisms). Therefore, in cKder for a GS expresston vector to be useful as a dominant select- 

26 able marker, it must confer resistance to a parfcular concentratton of Msx with a greater frequency than the 
frequency of spontaneously resistant mutants. The frequency with which spontaneously resistant clones are 
detected depends on the concentration of Msx used for selection. Thus, fbr Instance gene ampliffteaiton in CHO- 
K1 cells leads to approxlmat^y 1 surviving coIony/10* cells plated In 10 |iM litec, but this firequency declines 
to less than 1/10^ If cells are selected for resistance to 25 (iM Msx. 

so Since the fluency of transfbctton of CHO cells using the calcium phosphate co-precipitete technique is 
generally reported to be less than 1/10», a range of Msx concentrations was chosen for sriecfion In excess of 
10 jiM. The resulte in Table 1 show that transfection with any of the three GS expresskm plamUs leads to 
survival of a greater number of Msx-resistent colonies than the background frequency detected in modc- 
trensfected ceDs when select at 15 jiM or 20 |iM Msx. 

35 pZIPGS yields only a slight increase In the number of survhrfng colonies above background. This vector 
would therefore be a poor selectable maricer and was not studied further. pSW.GS and pSVLGS.1, however, 
both appear to act as effective dominant selectable martcere in this cell line. The frequency with whkA resistant 
colonies arise after transfection with either plasmid in these experimente Is at least 25 times the firequency due 
to endogenous amplification If selection is carried out at 15-20 jxM Msx. Apparent transfection firequendes for 

40 PSV2.GS Of up to 3.8/10BoeBsandfdr pSVLGS.1 of up to2.5/10Scells wereobserved.The differences In appa- 
rent transfection frequencies between the three plasmkte are likely to reflect differences In the offTtolency wKh 
which the GS gene is expressed in the above tfiree vectors. 

An Independent es&nate of transfection efficiency can be obtained in the case of pZIPGS since the vector 
also contains a neo gene which confera resistance to the antibiotic G418, Selection with G418 instead of Msx 

4$ yielded a transfecSbn frequency substanttaily higher than obtained ty seiecllon In 14-20 |iM Msx (see TaWe 
1 ), indicating that the vector is bebig taken up by the ceils and reinforcing the view that the GS gene Is relatwely 
pooriy expressed in this vector. 



60 



55 



0 



EP 0256055 B1 



10 



u 0> 

0) o 
c 



I I 



8 I 



o 
n 



o o 



16 



O I 



O I I 



o o 



I I 



20 



25 



90 



3$ 



40 



80 



S5 



Si O 

s i 

f 8 
5 g 



Hi A 



U 

(0 
(0 



i 

• o 

^ o 

•H H 



u 

2 

o c 

C (D 

CI u 

g. *• 

S n 
c • 

O o " 

g 8 o 

M C 6 

"5 n; 

0) S CD 

u 5 • 

« tt O 

a tH o 

< o ^ 



c 
o 

O 

Q) 
U 
(9 

m 

iH ^ 

D O 

(0 ^ 

Q> O 

^ > 



o 



M 



u> o 

(O o 



rs in 
• • 

CM 



CO 

W -W -H 
w w 



I I 



O 



I I 



O ^ O 

• • • 

CM 0\ 



O O O 

• • • 

00 CM 00 

H n n 



to 

M 



I I 



CO 

o 

> 



O I 



o o 



in 
o 



n 



CO 
H 

eg 



O 1 8 



O I I 



o o o 



N M O 
• t • 
O O «-f 



• I I 
o 



I 



10 



EP 0256 055 B1 



In onJer to confirm that the generation of MsxHBslstant colonies is due to expression of transfected GS 
genes, rather than to some non-specific effect of the input DMA, there are three predictions which can be tested. 
Fhstly, the Msx-reslstant cells should contain vector DNA. Secondly, novel GS mRNAs should be produced In 
these cell lines, since the heterologous promoters used will direct the formation of GS mRNAs which differ in 

5 length at the 5' end ftom the natural GS mRNA. Thirdly, active transfeded GS genes should be amplifiable by 
selection In increased concentration of Msx. These predictions were therefore tested as foDows. 

Three ceil lines were estatdlshed from individual colonies arising after transfection with pSVGS.1 and three 
cell lines from colonies transfected with pSV2.GS. Cell lines SVL6S 2 and SVLGS 5 are resistant to 20 pM 
Msx and SVLGS 9 to 30 ^M IWIsx. Ceil lines SV2.QS20. SV^GS26, and SV2.Q830 are resistant to 20. 25 and 

10 30 Msx respectively. 

DNA was prepared from each of these cell lines and a Southern blot of the DNA samples was hybridised 
with an RNA probe specific for SV40^RI region DNA. The result, shown In Rgure 4, indicates that all of the 
Msx-feslstant cell lines contain vector DNA. The number of copies of the vector present in each cell can be 
estimated by comparison with known amounts of a standard preparation of vector DNA, loaded on the same 

IS gel. From this, it is dear that all of the SVLGS ceil lines contain multiple copies of the vector up to about 500 
copies per cell (see Table 2). All of the SV2.GS cell lines also contain vector DNA but in all three cases there 
seems to have been integration of only a single copy of vector DNA per celL 

It Is to be noted that ttie result obtained with pSVLGS.1 is highly unexpected. Up until the present there 
has been no reported case in which such a high copy number has been produced merely by transfectlon. It Is 

20 believed that this high copy number Is due to the presence In the vector of a DNA sequence which favoure the 
Incorporation of high numbere of copies of vector DNA into the host cell's DNA. 

Such high copy numbere of Integrated vectore have not been observed with pSV2.GS. It Is therefore 
believed that DNA sequences partly responsible for the high copy number transfectlon are found either in the 
intron or In the 3' region of the genomic GS DNA part of the pSVLGS.1 vector or adjoining vector sequences. 

25 However, the copy number probably also retlecte the expression level required to attain resistance to the par- 
t'cular level of Msx used for selection. 

Cieariy, this high copy nuntber transfection sequence wOl be of use not only with GS encoding sequences 
but also with other protein sequences, such as those encoding selectable maricera or amplifiable genes 
because it provides a means of increasing copy number and hence expression levels of desired genes 

30 additional to the effects of selection for further gene amplification. 

Therefore according to a further aspect of the Invention there is provided the recombinant DNA sequence 
present in the pSVLGS.1 vector which Is responsible for achieving high copy number transfection of vector DNA 
Into a host cell or any other recombinant DNA sequence which will provide the same fonctlon. 

The 5' ends of GS mRNA produced by Msx-reslstant cell lines were analysed by primer extension analysis. 

35 A synthetic oligomer 19 bases In length was syntheslsed which hybridises to a region of the mRNA near the 
start of the protein coding region. Reverse transcriptese should extend this primer to a length of 146 bp from 
wild type GS mRNA and to a length of approximately 400 bp to the start of transcription in the case of pSVLOS.1 
mRNA. The RNA predicted from pSV2.GS is shorter tiian the natural mRNA and so could be masked by ''dro|>- 
offis" In the primer extension reaction and was not analysed. 

40 The resufts shown In Figure 5 show that a GS specific mRNA longer than wild^type mRNA Is indeed pro- 
duced in SVLGS cell lines, strongly supporting the conclusion tiiat the traiwfected gene transcribed In these 
cells. The reverse transcriptase does not extend the primer to the predicted length, but seems to drop off at at 
least 3 major sites, probably due to inhlbaion of reveree transcription by secondary sbvcture in the 5' untrans- 
lated region of this RNA. 

4S Three Mac-reslstent cell fines transfected with pSVLGS.1 and three cell lines fransftected with pSV2.GS 
were grown In various concentrations of Msx in order to selert for GS gene amplification. For each cell line, 
approximately cells were plated in 100 jiM, 250 jiM, 500 >iM and 1 mM Msx. After 12 days, the maximum 
ooncentrationsofMsxatwhichauivivIng colonies could be observed In each cell line were as follows :SVLGS2, 
500 ^M ; SVLGS5. 250 ^M ; SVLGS9, 500 |iM ; SV2.GS20. 100 fiM ; SV2.GS25, 500 jiM ; and SV2.6S30, 

50 500 ^iM. The most highly resistant colonies obtained from each cell line were pooled and two of these Msx- 
reslstant pools were subjected to a second round of ampl'rfication. SVLGS2 (500 jiMR) and SV2.GS30 (500 
)iMR) were plated out at 1 mM, 5mM, 10 mM and 20 mM Msx. After 15-20 days, colonies appeared on plates 
containing SVLGS2 (500 ^MR) at up to 2 mM Msx and In the case of SV2.GS (500 iiMR) at up to 10 mM Msx. 
From these, two highly resistant cell Ones SVGS2 (2 mMR) and SV2.GS30 (10 mMR) were established. Each 

55 of ttiese highly resistant ceil lines contain cells which have arisen from multiple Independent aRtplification 
evente. 

A Southern blot of DNA fropared from all of the Msx-feslstant cell lines was hybrised wtth a probe specific 
for SV40 ORI-region DNA. The resulte of this are shown in Figure 3. From a comparison witii standard prepa- 
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lations of plasmid DMA, the copy numbers could be determined and these are shown In Table 2. 

After the first round of seIecUon,.all three SVLGS cell lines show approximately a lO^ld increase in copy 
number of the vector DMA. 

6 

Copy Number of Transfected Genes Subjected to 
gglwtion for aene amplif icatiion 



Cell Line Cone, of Copy Number 

is Msx (jiM) 

SVLGS2 20 170 

SVLGS5 20 25 

^ SVLGSS 30 500 



SVIiGS2(500 MMR) 500 
SVIi6S5(250 fOSR) 250 
SVLGS9(500 tMR) 500 



1200 
300 
4200 



30 



35 



SVLGS2(2 mHR) 

SV2.6S20 
SV2*6S25 
SV2.GS30 



2000 

20 
25 
30 



15000 

1 
1 
1 



SV2. 6820(100 mMR) 100 i 
^ SV2 .0825 (500 /iMR) 500 i 

SV2. 6830(500 MMR) 500 i 

SV2.6S30(10 mHR) 10,000 5~10 



45 In the second round of selection, SVL6S2 shows at least a further 1 0 fold amplification attaining approxim- 
ately 15,000 copias/ceD. 

In marked contrast, the single copy of pSV2.6S present in initial transfectants is not significantiy increased 
after a single round of sefection and SV2.6830 (10 mMf^ resistant to 10 mM Msx contains only 5-10 copies 
of the ve^ in each ceD. i 

so In order to determine whether there has also been amplification of the endogenous GS genes, the prot)e 
was removed and the t)lot re-prot)ed with a nick- translatBd Bgll-Bglll DMA firagment obtained from the third 
Intron of the GS genomic sequences. Thte probe Is thersfbre specific fbr endogeneous GS genes and does ^ 
not hytHidise with the transfected genes whl(A tack this Intron. No significant endogenous gene amplification 
oould be detected by this means in SVLGS cefl lines. A small degree of endogenous ampiffication could be 

05 seen in SV2.G830 (10 mMR) ceO DNA. 

Thus PSV2.6S, whie acfing as an elfecthm dominant selectable marker in WO-KI ceOs, appears to exp- 
ress GS too effidentJy to be suitable as an antpFffiable nmrker, since very high levels of Msx are required in 
order to sdect for even slightly increased copy number. p^/LGS. 1 on the other hand can be us^ as a dominant 
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selectable marker and can also be amplified to very high copy numbers. 

The suitabOity of pSVLGS.I as a selectable and amptifiable vector was tested by introducing into it a tran- 
scription unit capable of repressing tissue plasminogen actlvatDr (tPA). Two plasmids were examined In which 
tPA cDNA under the control of the SV40 early region prmoter and pdyadenylation signal was cloned at the 

5 unique BamHI site of pSVLQS.1 . In pSVLGS.tPAl 6, the GS and tPA genes are In the same orientatton and in 
pSVLGS.tPA17, the two genes are In opposite orientations. 

Both constructions were Introduced into CH0-K1 cells and transfected cells were selected for resistance 
to 15 fiM Msx. After 10 days, the surviving colonies were screened for tPA activity by fibrin overlays. Many of 
the surviving colonies secreted tPA, thus confirming that the GS gene oouid act as a selectable marfcertD iden- 

io tify transfected denes. The tPA-lnduced dearings In the fibrin gel were larger and tnare numerous on plates 
transfected with p8V6S.tPA 1 6, indicating that the tPA gene was nrare efRcientiy expressed when in the same 
orientation in the vector as the GS gene than when the two genes were In opposite orientations. 10 colonies 
from a transfeclion with pSVLGS.tPA16, which produced large tPA dearings, were grown In 9ftwii plates. Of 
these, the two cell lines secreting the highest levels of tPA, 16-1.20 ^MR and 16-2.20 ^MR were selected fbr 

IS further study. Each was mjbjected to selection In increased concentrstiona of Msx and the tPA production from 
pools of colonies obtained at dlfTerent stages is shown In Table 3. 



TABLE 3 

20 

cell line m secreted fU/10^ cells /24 hourg) 



16-1.20 MMR 260 

16-1.200 mMR 2700 

16-2.20 /xMR 400 

16-2.200 mMR 2750 

16-2.10 XCMR 4000 



16-2.10 mlXR, the cell line producing the highest levels of tPA, was doned by limiting dilution and a done 

35 was isolated which secreted 4000 U/10> ceDs/day. This level is cmparable with the highest level of tPA exp- 
ression reported using DHFR co-ampllflcation. 

It has ttius been shown that, when a GS cDNA doned in the retrovirus based vector pZIP-Neo SVPQ wsb 
used, ttie frequency with which Msx-resistant colonies arose was low, probably due to relatively ineffident exp- 
rBsslon from this vector in this cell line. On tiie ottier hand, two different oonstructs in which the GS ^ne was 

40 under the control of SV40 promoters gave rise to cells resistant to substantially higher levels of Msx than wild- 
type cells. All of the resistant colonies tested contained vector DNA, and novel GS mRNAs consistent with tran- 
scription of the transfiBCted genes could be detected In cell lines containing pSVLGS.1 DMA. Msx-resistant 
colonies oould be identified using botii GS expression plaanlds using SV40 pronK}ters at a frequency greater 
tiian 1/10^ cells, Indicating ttiat botti constructs could be usefril as dminant selectable markers for ttie Intro- 

45 duction of doned DMA Into CH0-K1 cells. 

The expression plasmid pSVLGS.I containing a GS minigene utilising Its own RNA processing signals and 
under tiie contrd of an SV40 lata promoter, can unexpectedly be used to introduce a high number of copies 
of ttie vector Into each transfected cell. 

Bc^GS genes undertiie control of SV40 jmmoterswero capable of ftjrther amplification when transfected 

60 cell lines were selected In higher concentrations of Msx. CeD lines expressing pSV2.GS yielded variant clones 
resistant to very high levels of Msx (up to 65 times higher ttian originally used to select transfectants) witii an 
Increase In copy number to only 5-1 0 per ceD . There was little detectable concontltant amplification of endogen- 
ous genes. 

pSVLGS.1 is a much nrtore suitable ampllfiable vectCH* since ttie increase in copy number was roughly pro- 
55 portional to the concentration of Msx and very high copy numbere were adiieved (approximately 1 0,000 copies 
per cell in cefls resistant to 2 mM Msx). In tills case, no detectable endogenous gene amplification occurred. 

ThepSVLGS.1 amplHiablevectorhas been used to Introduce a tPA gene Into CH0-K1 cefls and it haa been 
shown that gene amplfflcatton leads to higher tevels of tf>A expression. Variant dones resistant to ten times 



13 



EP0256055B1 



the concentration of Msx of the original transfectanfs secrete about ten times the amount of tPA. but a further 
50 fold Increase In M^-reslstance led to less than a 2 fold Increase in tPA secretion. This suggests that some 
aspect of the synthesis or secretton of tPA Is dose to saturation In these highly Msx-iBslstant cells. The 
maximum level of tPA secretion of 4000 U/W cells/day In the 1 6-2.10 mMR cell line Is comparable with the 

5 levels of expression previously observed In dhfir CHO cells using DHFR-medlated gene amplification, the high- 
est reported level of secretion being 6000 U/10^ cells/day. This also supports the conduston that tPA secretion 
is dose to the maximum attainable by current methods In these celis. 

It win be appreciated that the present Invention Is described above purely by way of illustration and that 
modifications and variations thereof may be made by the person skilled In the art without departing from the 

10 spirit and scope thereof as defined in the appended daims. 



Claims 

IS 1 . A method for co-ampli^ng a recombinant DMA sequence which encodes the complete amino add sequ- 
ence of a desired protein other than a glutamfaie synthetase (GS), which method comprises : 



(a) providing a vector capable, in a transformant host cell, of expressing both a recombinant DNA sequence 
20 which encodes an active GS enzyme and the recombinant DNA sequence which encodes the complete 

amino add sequence of the desired protein other than GS ; 

(b) providing a eulcaryotic host ceD which is a glutamlne prototroph ; 

(c) transforming said host cell with said vector ; and 

(d) culturing said host cell under conditions which allow transformants containing an amplified number of 
25 copies of the vector-derived GS-encodIng recombbiant DNA sequence to be selected, which transfbr- 

mantB also contain an amplified number of copies of the desired protein-enooding DNA sequence. 

.■ 

2. A method for oo-ampllfying a recombinant DNA sequence which encodes the complete amino add sequ- 
30 ence of a desired protein other than a GS, which method comprises : 



(a) pmnding a firet vector capable, in a transformant host ceD, of expressing a recombinant DNA sequence 
vt^ich encodes an active GS enzyme ; 
3S (b) providing a second vector capable. In a transfbnnant host cell, of expressing the recombinant DNAsequ- 
enoe whidi encodes the complete antino acid sequence of the desired protein other than GS ; 

(c) providing a euicaryotic host cell which is a glutamlne prototroph ; 

(d) transfonnlng said host cell with both said f^t and said second vectore ; and 

(e) culturing said host cell under conditions which allow transfbnmants containing an amplified number of 
40 copies of the vector-derived GS-encoding recombinant DNA sequence to be selected, which transfor- 
mants also contain an aniplifled number of copies of the desired protBb>«nooding DNA sequence. 



3. The method of dakn 1 or dalm 2, wherein the culturing step [(d) or (e), respectWely] ccxnprises culturing 
45 the transformed host cell in media containing a GS inhibitor and seiedii^ for trensfonnant cells which are resis- 
tant to progrss^iy increased levels of the GS inhibitor. 

4. The method of daim 3, wherein the GS inhibited is phosphlnothridn or methionine suiphoximine. 

5. The method of daim 3 or daim 4, wherein the media containing the GS inhibitor also contain methionine, 
whereby the concentrations of GS Inhibitor In the media can be reduced. 5 

so 6. The method of any one of dams 1 to 5, wherein the GS-encodlng recony>inant DNA sequence is under 
the contrd of a regulatabie promoter. 

7. The method of daim 6, wherein ttie regulatabie promder Is a heatshock promoter or a metallothicmein ^ 
promoter. 

8. The ntethod of daim 6 or daim 7, wherein the regulatabie imnoter Is up-related during the culturir^ 
55 and seiectnig steps and is down-reguiated after selectton. 

9. The method of any one of dabns 1 to 8, wherein the d^irsd prcMn is tissue plasminogen acthrator. 

10. The method of any one of da^ 1 to 9, wherein the host cell is a mammalian ceil. 

11. The mefitod of daim 10. wherein the host ceil is a CHO-K1 ceD. 
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1 2. A method for using a vector as a dominant selectable marker In a cotransformatlon process which com- 
prises: 

5 (a) providing a vector capable. In a transfbnnanl host cell, of expressing a recombinant DMA sequence 
which encodes an active GS enzyme and a recombinant DMA sequence which encodes the complete 
amino acid sequence of a desired protein other than GS ; 

(b) providing a eukaryotic host cell which is a glutamtne imtotroph ; 

(c) transforming the host cell wfth the vector ; and 

10 (d) selecting transfbrmant celis which are resistant to GS InhibitDre, 

whereby transfonnant cells are selected In which the v«:tor-derived GS-enooding sequence serves as 
a dominant selectable and co-amplifiable marlcer. 

1 3. A method for using a vector as a dominant selectable marker in a cotransfbrmation process which com- 
15 prises : 

(a) provWing a vector capable, in a transfomnant host cell, of expressing a recombinant DMA sequence 
which encodes an active GS enzyme ; 
20 (b) prodding a second vector capable, In a trensfbrniant host ceil, of expressing a recombinant DMA sequ- 
ence which encodes the complete amino add sequence of a desired protein other than GS ; 

(c) providing a eukaryotic host which Is a glutemlne prototroph ; 

(d) transfomiing said host cell with both said first and second vectors ; and 

(e) selecting transformant cells %^ch are restetant to GS Inhibitora, 

25 

whereby transfbnnant ceils are selected in which the vedor-derlved GS^ncoding sequence serves as 
a dominant selectable co-amplifiable maifcer. 

14. A recombinant Di^ vector ccmiprising : 

30 

(a) a recombinant DMA sequence which encodes an active GS enzyme ; and 

(b) a recombinant DMA sequence which encodes the conpleto amino acid sequence of a desired protein 
other than GS, 

35 the vector being capable, in a transfbmnant host ceil, of expressing both sakJ recombinant DNA sequ- 

ences (a) and (b). 

1 5. A plasm W containing a GS minigene, said minlgene comprising a cDNA fragment having the sequence 
of residues 1 to 753 of the cDNA sequence shown In Rgure 2 and a 3.4 kb EcoRI — SstI firagment of hamster 
genomic DMA which encodes mIRNA corresponding the sequence of reskiues 754 to 1421 of the cDNA sequ- 

40 ence shown in Figure 2, the 3' end of the cDNA firagment being fused directly to the 5' end of the genomtofir^ 
ment 

16. A plasmki contelning an SV40 late promoter fi^ed upstream of a GS minigene as defined In dalm 15 
sudi that the SV40 late promoter is capable of direding transcription of an mRNA encoding GS. 

45 

PatentanaprQche 

1. Verfehren zur CorAmpiifizierung einer rdcomblnanten DNA-Sequenz, die fOr die komplette Annlnosiu- 
resequenz eines gewOnschtsn Proteins, das nteht dne Glufaminsynthetase (GS) ist, codlert, welches Verfah- 
50 renumfa&t: 

a) Bereltstdlung eines Vektors, der imstende ist, In eIner transfbrmanten Wirtszdie sowohl eine rekombl- 
nante DNA-Sequenz, die fur ein aktives GS-Enzym codlert, als audi die rekombinante DNArSequenZt 

65 die fOr die komplette Aminosiuresequenz des gewflnschten Proteins, das kein GS ist, codlert, zu exprf- 

mieren, 

b) BerdtsteUung einer eukaryotischen WirtszeDe, die ein Glutamln-Prototroph ist, 
0) Trandormiefung dieser Wirtszdto mit dam genannten Vektor und 

15 
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d) Zuchtung der Wirtszelle untar Bedingungen. die Transfbnmanten ermdglichen, die eine vermehrte 
Anzahl von Kopten der zu selektlerenden, von dem Vektor abgeleiteten, fOr GS codierenden, rekonnbl- 
nanten DNA-Sequenz enthalten, wobei diese Transfbnnanten auch efne vermehrte Anzahl von Koplen 
derfOrdas gewQnschte Protein codierenden DNA-Sequenz enthaften. 

5 

2. Verfahren zur ConAmpliflzierung einer rekombinanten DNArSequenz, die fOr die komplette Aminosfiu- 
reeequenz eines gewQnechten Proteins, das kein GS ist, oodiert, welches Verfahren umfia&t : 



a) Bereitstellung eines ersten Vektors, der imstande ist, In einer transformanten Wirtszelle eine rekombi- 
nante DNA-Sequenz zu exprfmleren, die fOr ein aktives GS-Enzym codiert, 

b) Bereitstellung eines zweiten Vektors, der inistande ist, In einer tFansfonmanten V^rtszelle die rekombl- 
nante DNA-Sequenz zu exprimieren, die fur die komplette Aminosfiuresequenz des gewQnschten Pro- 
fs felns, das keIn GS ist, codiert, 

c) Bereitstellung einer eukaryotischen Wirtszelle, die ein Glutamln-Prototroph 1st, 

d) Transformatton dieser Wirtszelle sowohl mlt dem ersten als auch mlt dem zweiten Vektor, 

e) ZQchtung dieser Wirtszelie unter Bedingungen, die Transformanten ermSglichen, die eine vermehrte 
Anzahl von Kopien der zu selektierenden,von dem Vektor abgeleiteten, (Or GS codierenden, rekombi- 

20 nanten DNArSequenz enthalten, welche Transformanten auch eine vennehrte Anzahl von toplen der 

fOrdas gevirOnschte Protein codierenden DNA-Sequenz enthalten. 



3. Verfahren nach Anspruch 1 oder 2, bei welchem der Zuchtungsschritt [(d) bzw. (e)] die ZQchtung der 
25 tranfonmierten Wrtszelle in Medien, die einen GS-lnhlbitor enthalten, und die Seiektierung von transformanten 

Zeiien, die gegenQber progessiv ansteigenden Qehalten des GS-lnhibltors reslstent slnd, umfaat 

4. Verfahren nach Anspruch 3, bei welchem der GS-lnhibitor Phosphinothridn Oder Methtonlnsutfoximin 

ist 

5* Verfiahren nach Anspruch 3 oder4, bei welchem die Medten, die den GS-lnhlbltor enthalten, auch Methio- 
30 nin enthalten und die Konzentratlonen des GS-lnhlbltors in den Medien herabgesetzt werden kfinnen. 

6. Verfohren nach einem der AnsprQche 1 bis 5, bei welchem die fOr GS codlerende rekomblnanta DNA- 
Sequenz unter der Steuerung eines regullert)aren Piomotors steht 

7. Verfehren nach Anspruch 6, bei welchem der regulieibara Promoter eine Hitzeschock-Promotor Oder 
ein Metallothlone!n-PronrK)tDr ist 

35 8. Verfahren nach Anspruch 6 oder 7, bei welchem derrBguliert>arePronK)torwahrend der ZQchtungs- und 
Selektionsstufen aulwdrtsreguliert und nach der Selektion abwSrtsregullert ist 

9. Verfahren nach einem der Anspruche 1 bis 8, bei welchem das gewQnschte Protein ein Gewebe-Plas- 
minogen-Aktivator Ist 

10. Verfahren nach einem der AnsprQche 1 bis 9, bei welchem die Wirtszelle eine SSugetierzeile ist 
40 11. Verfahren nach Anspruch 10, bei welchem die WirtszeOe eine CHO-KI-Zelle Ist 

12. Verfiahren zur Verwendung eines Vektors als dwninant selektieibarer Marker in einem Co-Transfoma- 
tionsverfohren, welches umfofit : 



45 a) Bereitstellung eines Vektois, der imstande ist, in einer transformanten WirtszeDe eine rekomblnanta 
DNA-Sequenz, die fOr ein aktives GS-Enzym oodiertt und eine rekomblnanta DNA-Sequenz, die fOr eine 
komplette Aminosfiuresequenz eines gewQnschten Proteins, das kein GS ist, codiert, zu exprimieren, 

b) Bereitstellung einer eukaryotischen WirtszeDe, die ein Glutamin-Protetroph ist, 

c) Transformienjng der WirtszeDe mit dem Vekter und 

50 cQ Selektion der transformanten 21enen, die gegenQber GS-lnhibitoren reslstent slnd, 

wobei transfbnmanta Zellen selektieit werden, in weichen die von dem Vektor abgeleitete GS-oodie- 
rende Sequenz als ein dominant selektiert)arer und co-amplifizierl>arer Martcer dient 
13. Verfohren zur Verwendung einee Vektors ale donttnant seiektiertiarer Marker in einem Co-Transfor- 
ms mafionsverfahren, welches umfo&t : 



a) Bereitsteflur^ eines Vektors. der imstande st, in einer transformanten WirtszeDe eine rekombinante 
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DNA-Sequenz zu exprimieiBn, die fOr ein aktivds 6S-Enzym codiert 

b) Bereltstellung eines zwstten Vektors, der Imstande 1st. In elner transformanten Wirtszelle eine rekom- 
binante DNA-Sequenz zu exprimieren. die fQr ein gewOnschtee Peptid. das kein GS 1st, codiert. 

c) Bereitsteilung eines eukaryottechen Wirts. der ein Glutamln-Prototroph 1st. 

d) Transformierung dieser Wirtszelle mit sowohl dem ersten als auch dem zweiten Vektor und 

e) Seiektion der transfonmanten Zeilen. die gegen QS-lnhibitoren resistent sind. 

wobel transfbrmante Zeiien selektiert warden, in welchen die Vektor-abgeleltete 6S-codierende 
Sequenz ais ein dominant selektierbarer co-amplifizierbarer Maiker dient 
14. Rekomblnantar DNA-Vekfor, der enthilt : 



a) eine rekombinante DNA-Sequenz, die fur ein aktives GS-En^ codiert. und 

b) eine rekombinante DNA-Sequenz. die fur die kompiette Aminosiureeequenz eines gewOnschten Pro- 
teins, das kein 63 ist. codiert, 

wobei der Vektor Imstande ist. in einer transfonnanten Wiitszelie belde genanntan rekombinanten DNA- 
Sequenzen a) und (b) zu exprimieren. 

15. Plasmid enthaitend ein GS-Min"^en, welches selnerselts ein cDNA-Fragment mit der Sequenz der 
Resta 1 bis 753 der In Fig. 2 gezeigten cDNA-Sequenz und ein 3, 4 kb EcoRISstl-Fragment von Hamsterge- 
nom-DNA, das fQr mRNA codiert. die der Sequenz der Rests 754 bis 1421 der In Fig. 2 gezeigten cDNA*Se- 
quenz entspricht, umfaBt, wobei das 3'-Ende des cDNA-f ragments direkt an das 5'-Ende des genomlschen 
Fragments fusioniert ist 

16. Plasmid enthaitend einen spabsn SV40-Promotor, der stromaufwfirts eines GS-Minigens nach der 
Definition von Anspruch ISfusionlert ist. sodaft der spite SV40-Promotor die Transkriptton einerfOr GS codie- 
renden mRNAzu leiten Imstande isL 



Revendications 

1. Proc6d6 de co-amplificatk>n d'une sequence d'ADN recombinant qui code pour la sequence compldfa 
d'amlno^cides d'une prot6ine d6sir6e autre qu'une glutamine synthetase (GS). lequel proo6d6 comprsnd : 



(a) rutilisation d'un vecteur capable, dans una cellule h6to transfcmiante. d'exprimer & la fois una sequence 
d'ADN recombinant qui code une enzyme GS active de la sequence d'ADN recombinant et qui code 
pour la sequence complete d'amino-ackies de la prot^lne ddsfr^e autre que la GS ; 

(b) rutilisation d'une cellule h6ts eucaryote qui est un prototrophe de glutamine ; 

(c) la transfomnatk)n de ladite cellule h6te par ledit vecteur ; et 

(d) la culture de ladite c^lule hdte dans des conditions qui permettent d des transfonrants contenant un 
nombre amplifi6 de copies de la sequence d'ADN recombinant d6riv6e du vedeur, codant pour la GS 
d'dtiB 86lectionn6s. lesquels transfonmants contiennent ^element un nombre ampiifid de copies de la 
sequence d'ADN codant pour la protdbie dddrfe. 

2. Proc6dd de co-ampliftoation d'une sequence d'ADN recombinant qui code pour la sequence complete 
d'amtno-addes d'une protdine d6sir6e autre qu'une GS, lequel pn)c6d6 comprend : 

(a) rutilisation d'un premlervecteurcapable, dansuneceOule hdtetransfonnante. d'exprimer une sequence 
d'ADN recombinant qui code pour une enzyme GS active ; 

(b) rutilisation d'un second vecteur capable, dans une cellule hdte transfomnante. d'exprimer la sequence 
d'ADN recombinant qui code pour la sequence complte d'amino-addes de la protdlne d6sir6e autre 
que la GS ; 

(c) rutilisation d'une cellule hOte eucaryote qui est un prototrophe de glutamine ; 

(d) la tranafonnation de ladite cellule h6te d la fois par iedit premier et ledIt second vecteurs ; et 

(e) la culture de ladite cellule hdte dans des conditions qui permettent d des transformants contenant un 
nomtffB ampllfi6 de copies de la sequence d'ADN recombinant d6rtv6e des vecteura, codant pour la GS 
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d*dtre sdlectionnds, lesquels fransfmnants oontiennent 6galement tin nombre amplifii de copies de la 
sequence d'ADN oodant pour la protdine d6sir6e. 

5 3. Proc6d6 aelon ta revendication 1 ou la revendication 2, dans lequel l'6tapa de culture [(d) ou (e), res- 
pectivement] oomprend la culture de la cellule hAte transfdrm^e dans des mOleux contenant un inhlbiteur de 
la GS et la s61ection en ce qui oonceme des cellules transfomiantes qui sont rfeistantes ft des concentrations 
augmentSes progressivenient d I'inhiblteur de la GS. 

4. Proc6d6 selon la revendication 3, dans lequel I'inhibiteur de la GS est la phosphlnothrlcine ou la sul- 
10 foximlne de la m6th!onine. 

5. Pfoc6d6 selon la revendication 3 ou la revendication 4, dans lequel les milieux contenant i'inhibiteur de 
la GS oontiennent 6galement de la methionine, ce grftce ft quel les concenfaBtlons de rinhlbiteur de la GS dans 
les milieux peuvent fttre r6duites. 

6. Procftdft selon i'une queiconque des revendications 1 ft 5, dans lequel la sftquence d'ADN recombinant 
IS codant pour la GS est sous le oontrftle d'un promoteur rftglable. 

7. Proc6d6 selon la revendication 6, dans lequel le promoteur rftglabie est un promoteur de type choc ther- 
mlque ou un promoteur de type mfttallothlonftine. 

8. Procftdft selon la revendication 6 ou la revendication 7, dans lequel le promoteur rftglable est r6gl6 vers 
le haut pendant les fttapes de culture et de sftlection et est rftglft vere le bas aprfts la sftlection. 

20 9. Prooftdft selon Tune queiconque des revendications 1 ft 8, dans lequel la protftine dftslrfte est I'actlvateur 
tissulaire du plasmlnogftne. 

10. Procftdft selon Tune queiconque des revendications 1 ft 9, dans lequel la cellule hdte est une cellule 
de man^ifftre. 

1 1. Procftdft selon la revendication 10, dans lequel la cellule h6te est une cellule de CH0-K1. 

25 12. Prooftdft tfutateation d'un vecteur comme marqueur sftledionnable dominant dans un processus de 
oo4ransfomiation qui comprend : 

(a) i'utaisation d'un vecteur capable, dans une cellule hOte transfonmante, d*exprlmer une sftquence d'ADN 
30 recombinant qui code pour une enzyme GS active et une sftquence d'ADN recombinant qui code pour 

la sftquence complftte d'amino-addes d'une protftine dftslrfte autre que la GS ; 

(b) {'utilisation d'une cellule hOte eucaryota qui est un prototrophe de glutamlne ; 

(c) la transfomnation de la cellule hOte par le vecteur ; et 

(d) la sftlection de ceDuies transfomiantes qui sont rfeistantes ft des inhiknteure de la GS, 

35 

ce grdce ft quoi sont sftlectionndes des cellules transformantes dans lesquelles la sftquence dftrlvfte 
du vecteur, oodant pour la GS sert de marqueur sftlectionnable dominant et co^plifiable. 

13. Procftdft d'utaisation d'un vecteur comme marqueur sftlectionnable dominant dans un processus de 
co-transformation qui comprend : 

40 

(a) rutQisation d'un vecteur capable, dans une cellule hOte transfcxmanta, d'exprimer une sftquence d'ADN 
recombinant qui code pour une enzyme GS acthm ; 

(b) i'utnisation d'un second vecteur, dans une cellule hdte transfbmiante, d'exprimer une sftquence d'ADN 
45 recombinant qui code pour la sftquence complftte d'amino-addes d'une protftine dftsirfte autre que la 

GS; 

(c) rutnisafion d'une cellule hOte eucaryota qui est un prototrophe de glutamlne ; 

((0 la transfomnatlon de ladita cellule hOte par ft la fds lesdits premier et second vecteurs ; et 

(e) la sftlection de cellules transfbnnantBS qui sont rfeistantes ft des inhfbiteure de la GS, 

50 

OB grfioe ft quel sont sftlectlonnftes des ceOules trensfcmnantes dans lesquelles la sftquence dftrfvfte 
des vecteura, codant pour la GS sert de marqueur etiectionnable dominant, co-amplifiable. 

14. Vecteur ADN recombinant comprenant : 

55 

(a) une sftquence d'ADN rsoomt^nt qui code pour une enzyme GS active ; et 

(b) une sftquence d'ADN raoomlrinant qid code pour la sftquence complftte d'amino-addes d'une protftine 
dftsirfte autre que la GS, 
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l6 vecteur 61anl capable, dans une cellule h6te tranafonnante, d'exprimer I'une et rautre desdttes 
s6quences (a) et (b) d'ADN leoomblnanL 

15. Plasmfde contenant un minlgdne de GS, ledit mlnlgdne compronant un fragment d'ADNc ayant la 
5 sequence des risidus 1 i 753 de la s6quence d'ADNc repr6sent6e k la figure 2 et un fragment EcoRI-Sstt de 

3, 4 kb de I'ADN gdnomlque du hamster qui code pour FARNm conospondant d la sequence des rdsidus 754 
d 1421 de la sequence d'ADNc repr^ent^e d la figure 2. rexMmitt 3' du fragment d'ADNc diant fuslonnde 
directement & I'extrdmitd 5' du fragment gdnomlque. 

1 6. Plasmide contenant un promoteurtardlf de SV40fustonn6 en amont d'un minlgfene de GS tel que ddfini 
10 h la revendlcation 1 5. de telle sorte que ie piomoteur tardif de 8V40 solt capable de diriger la (ranaeription d'un . 

ARNm codant pour la GS. 
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